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FOREWORD

The Pensacola Study of Naval Aviators, commonly termed the "Thousand Av'ator Study,"
began in July, 1940 as a survey to validate techniques for preselecting pilot trainees in order to
reduce the large attrition rate in the flight training progrom at that time. More than one
thousand preselected men were given a lorge battery of psychological and physiological tests
and measures for the purpose of improving the criteria then in use for selection of candidafes
for flight training. Captain Ashton Graybiel, one of the original investigators, foresaw the
potential yield of continuous physiologic information on a group of healthy males from youth to
senescence, and initiated re-exominations of these former aviators in 1951, 1957, and 1963,
Each successive evaluation increased in scope as new physiologic measures became available,
ond in significance as the subjects grew older.

From this original exploratory study of pilot selection evolved a longitudinal study with
cardiovasculor emphasis unique in several respects: 1) The mean age of its participants ot in—
ception of the progrom was 23,6 years, and all except thirteen were between 20 and 30 years of
age. 2) The entire group was remarkably homogeneous. All were white males in the military
serving as flight instructors or students. All were of similar health, size, education, and social
background. 3) All candidates were physically fit, without visual or motor defects, of "nomal"
intelligence, and very competitive in spirit. |t was perhaps these latter qualities which made
them a highly motivated experimental group.

The inherent problems of such a project were myriad. Administrative endorsement, available
physical facilities, and even general perspectives differed at each succeeding evaluation period,
with resultant modifications of the testing program. The interest and enthusiasm of the examiners
have varied over the years, as have that of the subjects who are now spread over the four corners
of the world, Yet the desirability and benefits to be gleaned from such a study are evidenced by
the development of similor longitudinal studies during the past decade.

The Thousand Aviator Study now in its 25th year has fulfilled its obligations in part, nomely,
evaluating certain physiologic functions from youth to middle age; but only through a vigilant
look at the group thus far,can future determinants of disease and health be established. This
involves a scrupulous organization of collected data from the evaluations and thorough analyses
of trends and relationships. Then perhaps factors can be related to present and future criterial
events such as coronary hearf disease with the hope of ultimate isolation and prevention of the
perpetrators,

Concurrent with this experimental approach there has been a growing concern about the
diversity of criteria and methods used in cardiovascular epidemiology. An appeal has been made
for standords so that data might be pooled, criteria sharpened, techniques interchanged, and
central references established.

In view of all the above considerations this report purports to accomplish the following:

1) Present and unify the procedures and methods of all the examinations
carried out on the group.

2) Offer standord material for cooperative studies.

3) Serve as a guide for future evaluations.




4) Display the methodology employed in a fashion which lends itself
to perusal by critical reviewers.

5) Suggest by retrospection necessary modifications.

6) Provide a basis for scrutinizing the material in search of new
avenues of investigation.

The matericl contained in this Monograph falls into the natural division of the four different
exominations carried out to date, Chapter | includes data regarding procedures used in the
original study in 1940-1941; Chapter Il, those of 1951-1953; Chapter Il1, those of 1957-1959;
Chapter IV, 1963-1965. Corresponding to each of these four chapters is an Appendix which
contains the various forms or questionnaires relative to their particular time period; e.g.,
Appendix A relates to Chapter |, or 1940-1941, et cetera.

The sparseness of Chapters |l and 11l does not truly reflect their importance but rather the
limitations imposed on those examinations carried out in the "field.” Sufficient support was not
available during those follow=up studies for a more comprehensive examination. Such was made
possible for the 1963 study, however, by the combined financial assistonce of the Bureau of
Medicine and Surgery, Navy Department, and the United States Public Health Service.

No findings of any of the evaluations are presented; for these the reader is referred to the
Thousand Aviator Study Bibliography (Chapter V).
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Chapter |, 1940 Study*

Principal Investigators: Doctors Ross A, McFarland, Ashton Graybiel, Hudson Hoagland,
Hallowell Davis, Alexander Forbes, R, A.Phillips, Donald C. Gates, Robert Peckham, Stanley
Bennett,and Craig Wilson, Lieutenant Ralph Channell, and Lieutenant(jg) Fred Webster

INTRODUCTION

Because of the time and expense involved in training aviators, reliable and easily perform-
ed measures for selecting the most promising candidates had long been sought. After initial
interest during the first World War, little research was carried on in this field until 1939 at which
time the Committee on Selection and Training of Civilian Aircraft Pilots of the National Research
Council received funds from the Civil Aeronautics Authority (now Federal Aviation Agency) for
use in planning and supervising research on the human aspects of aviation. In the summer of
1940 the Council expanded its field to include military aviation and, in cooperation with the
U. 5. Navy, began a study which became known as "The Pensacola Study of Naval Aviators, "
or "The Thousand Aviator Study., "

The original group of investigators and laboratory assistants are shown in the photograph of
Figure |.1. Personnel were specially recruited for this purpose from several universities in oddi-
tion to assigned Naval reserve officers, hospital corpsmen, and civilion laboratory assistants, A
building at the Pensacola Naval Air Station was designated for use as a laboratory, and the
necessary equipment was purchased or rented for the duration of the 1940 study. Testing of the
subjects began during the third week of July, 1940 and was continued until May, 1941,

OBJECTIVES

The value of psychological and physiological festing in the prediction of success in the
flight training program was explored. Criteria were measured in terms of passing or failing the
flight course, and of appearance before the Commandant's Board. The study was designed to
provide for the application of a wide variety of measures with a view of quickly arriving at
those deemed promising for selection of candidates for flight training.

SUBJECTS

The experimental battery of tests was administered to all of the incoming cadets and
officers in each flight class at Pensacola during the period from July 16 through September 20,
1940 (classes 147 through 151). Twelve codets and officers were studied each day during their
ground szhool period and before their flight training. The data collected during this period have
been designated in an early report (1) as Part |,

Because of the small number of washouts in this group it was decided to extend the study.
From October 1 to December 15, 1940, a representative sampling comprising about one fifth of
each incoming class (classes 152 through 159) were tested. During this period only five subjects
couid be studied each day because of the reduction in the size of the research staff, From January
1 to Aay 15, 1941, only those cadets from classes 160 through 165 who appeared before the
Commandant's Advisory Board took the tests. The data obtained ofter September 1940 were in~-
cluded in the early report (1) and designated as Part |1,

*|n order not to inject any of the authors' interpretations on the material in this Chapter, the in=
formation regarding the original study has been taken almost verbatim from McFarland and Franzen,
Final Summary Report (1).

R oot s o el

1

gAl

e




. . » 5!*‘32 ’
. .

*SMODg pup Jejeyy UDA ‘uspmous 39| |y s uewsdion)

*$1ADQ PuUD puD|BOOH £10§90( ©JaM UMOYS JON|
"49ysqOM puo saquoy’sdi|jiyd’ |e1ghoin

{MOJ Juol4 * ZIIDMYDS puD .,_n"._..un_E!BuE:omJo_Eiﬁ_u_.__v_;.aun ‘uewsdi0?) :mos puodeg

‘woip1deq ucs|Im siq :mos pary)

"[|SUURYD PUD SB4DS) ‘PULLID JoYy ‘ HOUUSE *$iQ MOs 3oDg
Or6l “3PiS Yoioesey
*1°1 ®nBy




The exominees who ranged in age from 20 to 30 years were not comparable in all respects.
The subjects in Part 1, for instonce, included 58 officers from the U. S. Naval Acodemy who had
recently been commissioned as Ensigns. The cadets in Part | were college graduates, however,
and since both cadets and officers had had the same amount of flight training before their entrance
at Pensacola, they were treated as one group. Part Il subjects included a considerable number of
men, assigned to Pensacola from the Fleet, with only high school diplomas, but mony others in
Part [1 had two years of college. Because the subjects in Part 11 had less academic training than
those in Part I, it was felt that the differences in education might be on important variable in
that these men had hod less experience in taking tests and examinations of this nature. The whole
group was preselected inasmuch as each mon had passed several rigorous medical examinations as
well as a ten-hour flight training course, including solo flight, before being sent to Pensacola.
The experimental population did not include those individuals who were "washed cut" during the
initial part of the training program.

A group of 83 instructors at the Naval Air Station were also given the tests so as tc obtuin
nommative data for pilots known to be successful . Their average age was 27 yearsand they hod had
an average of 1,500 hours of flying. Table I.1 shows the total number of students and instructors
who fook the test at Pensacola. Some of the total rumber examined were dropped from the finai
experimental group because of insufficient data on them. Others needed reexamination and could
not be recalled, and some were found physicuily disqualified. Each subject in the final experi-
mental group did not necessarily undergo all phases of the examination. In these instances, there-
fore, slight variations occurred in the number of subjects tested,

Table I, 1.
Number of Students and Instructors Tested at Pensacola

Average Dates  Completed Wash- Board Appearance

Part Classes Ags Tested Program outs But Retained
| 147-151 24 Jul=Sep '40 390 55+ 34
] 152-165 23 Oct-May '41 529 125+ 96
Instructors 27 Jul-Sep '40 83
Totdl 1312

*Totol number of washou's include 16 who left at their own request or for reasons other thon
aptitude .

+Total number of washouts include 23 who left at their own request or for recsons other than
aptitude.
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TESTS AND PROCEDURES

The testing program was organized so that each cadet was assigned to the Research Laboratory
for one full day as an official part of his indoctrination into the Naval Air Station. This assign-
ment occurred during the first week of his tour befare any flight training. Only a few trainees
had hod more than ten hours of flight time before their entrance at Pensacola. From the official
and routine nature of the program, the cadets were led to believe that their results on the tests
would become an official part of their records. The motivation was high and the cooperation
excellent throughout the study.

Each class of cadets of approximately 50 took the C.is Mental Test, the Minnesota Paper
Form Board Test, and the Athletic Achievement Test as a group in a classroom at the cadet
barracks.

Subjects ceme to the iaboratory in groups of four at 6:00 a.m., 7:30 a.m., and 8:00 a.m,
Each subject received a typed statement several days before taking the tests, which gave a brief
account of the purpose of the tests and the time and place to report. These typed statements
gave specific instructions indicating the amount of rest and the avoidance of alcohol and tobacco
on the previous night, with no food or exercise on the moming of the tests, in order to provide
optimal condii <ns for the basal metabolism test.

Partitions were constructed in the building assigned to the laboratory to permit the various
tests to be given in separate rooms, thus avoiding distractions. Four sets of metabolism and
electrocardiographic apparatus were available so that four subjects could be studied simultaneous!y.

After the cadets had reclined on the beds for thirty minutes, they were given the basal meta-
bolism and breathing tests—-two eight-minute records. Then vital capacity determinations were
made. After a short rest, they were connected with the electrodes on the electrocardiograph,
and records were obtained with four different leads. While still attached to the breathing
apparatus and electrocardiograph, a very loud pistol shot was fired in the room, at a time un-
known to the cadets, to obtain records of response to startle. They were then given the Schneider
Index and Tilt Table Tests. Then each codet w~: served a licht standard test meal in the labora-
tory. Fellowing this meal they were scledu'ed through the special rooms in the routine fashion
for the various psychomotor tests, brain waves, somatotyping, aniseikonia, night vision test, and
the response to the carstid sinus sensitivity, cold pressor, and skin resistance experiments,
During rest periods they filled in the questionnaire relating to medical history, education, and
aviation interasts, The interviews were given by a physician in the afteroon. If the records of
metabolism, brain waves, or electrocardiography were not satisfactory, they were recalled for
retests as soon as convenient,

It was not possible to control the teniperature in the laboratory rooms, even though electric
fans were used to circulate the air. The mean temperature during the summer months, when the
data of Part | were collected, remained fairly constant. In the fall and early winter {data for
Part I1) the tempercture was cooler. The difference. in climate during the two parts of the study
were not extreme, but this variation might have given rise to certain differences in the respira-
tory and circulatory tests. Each subject received standardized instructions and appropriate
practice periods before taking fach of the psychomotor tests,




PERSONAL AND MEDICAL HISTORY

An interview and questionnaire (Appendix A, pages A1-A7) relating to personal and medical
history as well as other items were given to each subject. The items in the questionnaire related
to: 1) family history; 2) personal and medicai history with special reference to accidents,
illnesses, and nutritional habits; 3) environmental influences; 4) education; 7 vocational and
aeronautical interest, A physician went over the answers and interviewed each cadet conceming
the most significant clinical data such as the major illness, loss of consciousness from accidents,
diet, ond vocational interests, especially aviation.

PHYSICAL EXAMINATION

Since all examinees had qualified medically before inclusion in the study, a general physi-
cal examination was not done. Systolic blood pressure, diastolic blood pressure, and pulse rate
were taken. The score for each of these measures was expressed as the mean of five readings
taken when the subject was in a reclining position.

CARDIOVASCULAR TESTS

Schneider Index of Neurocirculatory Finess

Data from six sets of observations were made, namely, the pulse rate during recumbency,
puise rate while standing, the increase in pulse rate when standing from the recumbent posture,
the acceleration of the pulse after standardized exercise, the time required for the pulse rate to
return to normal after exercise, and the change in the systolic arterial blood pressure from re=-
cumbency to standing. The index penalized the subject who showed a rapid pulse rate and who
failed to show an increase in systolic blood pressure on standing., The test was designed to reveal
the state of physical fatigue or fitness of the subject (2).

Tilt Table Response {Figure 1,2.)

After resting for fifteen minutes in the prone position on a table, the subject was tilted head
up for a twenty-minute period at a 65-degree angle. The following measures ware taken before
and during tilt:

1) Baseline blood pressures and pulse rate. Scores represented the mean
of five readings taken while the subject was in the supine position
before being tilted.

2) Pulse pressure change was the change in pulse pressure, the difference
between the average pulse pressure before the tilt, and the smallest
pulse pressure after tilting.

3} Pulse rate change equaled the difference between the highest pulse
rate reached during the tilt-up intervals and the average pulse rate
before tilt,

4) Smallest pulse pressure was the least difference between the systolic
and diastolic pressure during the tilt-up interval.

(8]




5) Time to smallest pulse pressure was the number of minutes elapsing
between the time when the subject was tilted up and the time ot
which the smallest pulse pressure occurred.

Cold Pressor Test

This procedure was included to evaluate each cadet's blood pressure response to a standard
painful stimulus (3). Each cadet in Part | of the study underwent this test, After the blood
pressure had stabilized, the right hand was immersed in a pail of ice water for one minute.
Scores consisted of the change in systolic and diastolic pressures before placing the right hand
in ice water and the point at which the blooc asressure was highest during the sixty-second period
of immersion. In o few instances electrocardiogroms were obtained during the test,

Electrocardiography

In this investigation Sanborn portable cardiettes (Figure 1.3.) were employed. Ail of the
electrocardiograms were obtained with the subject in the recumbent position and, with a small
number of exceptions, in the basal state. Photographic tracings of the three standard leads as
well as precordial leads IVF (precordial electrode at the outer border of the apex as determined
by palpation or percussion; precordial lead wire attached to positive terminal and left leg
lead wire to negative terminal) and IVR (precordial electrode placement and polarity the same
as IVF but negative terminal attached to the right arm) were obtained (4). E lectrocardiograms
were also an integral part of two other procedures employed.

A. Response to startle; The subject was attached to the basal metabolism apparatus and to
lead 11 of fﬁe electrocardiograph. A gun was fired without the subject's foreknowledge. An
analysis was then made of the alterations observed in the spirogram and electrocardiogram. The
following scores were compiled from the tracing (Figure |, 4.)

1) Heart rate
a) Average control rate for the startle expressed as the average
heart rate for 6 seconds before the startle,
b) Average heart rate 0-6 seconds after startle.
¢) Average heart rate 6-~12 seconds after startle.
d) Average heart rate 12-18 seconds ofter startle.

2) Somatic tremor
a) Total duration expressed in seconds.
b) initial amplitude expressed in millimeters,
c) Amplitude 3/5 second after the startle expressed in millimeters.

3) Alteration in T wave
a) Time of onset expressed in seconds.
b) Maximum change in amplitude expressed in millimeters,
c) Persistence of change in T waves expressed in seconds.




Figure 1.2,

Tilt Table Response

Figure 1,3
Electrocardiograph, Sanborn Portable Cardiette
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Figure | .4
Startle Electrocardiogram - Lead Il
A gun was fired at the point marked by the arrow, Note the somatic tremor and

baseline shif. immediately ofter the shot. The record alse shows an increase in
heart rate and a decrease in the amplitude of the T wave,




B. Carotid sinus sensitivity: The subject was seated, attached to an electrocardiograph
with a blood pressure cutt in position., After two initial blood pressure readings a physician
massaged the carotid sinus in the neck. Additicnal readings were made thirty seconds ofter pressure
on the right carotid artery and thirty seconds ofter pressure on both carotid arteries. Electrocardio-
graphic tracings were obtained at standard intervals during the experiment.

PULMONARY FUNCTION AND METABOLIC STUDIES
A detailed description of these measures may be found in a publication by Franzen and
Blaine (5). Nine-liter Benedict closed-circuit spirometers constructed by the Sanborn Instrument

Company were used. Each pilot was tested in the morning under basal conditions (Figure 1.5).

Breathing Pattern

The breathing pattern was studied from the spirogram for irregularities in a number of
characteristics including variations in tidal air volume and respiratory rate (6). In addition,
observations were made of the subject's reaction to a resistance placed in the breathing circuit
which forced him to breathe through a small opening "pin head" in size.

Tidal Volume

This value was expressed in cubic centimeters, based on two runs of eight minutes duration
with the subject in a recumbent position. An estimated correction for body surface to adjust for
variations in body size was made by use of appropriate height-weight graphs (7).

Vital Capacity

The vital capacity was determined in the following manner, After a normal breathing
period, the subject was asked to inhale as fully as possible and then to exhale as deeply aspossible .
Two records were made on the basal metabolism chart with the subject sitting. Values were given
in cubic centimeters,

Basal Metabolic Rate

The score on the basal metabolism test wos based on two runs of eight minutes duration
each and was expressed in plus and minus values, the normal range considered to be plus 15 to
minus 15,

ANTHROPOMETRY

Somatotype (8, 9

Each cadet was photographed in a standardized manner in the nude from the front, back,
and side ( Figure 1.6). The anthroscopic method was used in the study. It consists in somatotyping
five regions by inspection: 1) head and neck, 2) upper trunk, 3) arms, 4) lower trunk, and
5) legs. For the somatotype the individual was rated with respect to endormorzhy, dominance
of visceral structures or soft roundness of body regions; mesomorphy, corresponjing to the athletic
type of build or dominance of bone and muscle; and ecfS-m—c;rpr, jomincmce of "linearity" and
"fragility," especially the nervous system and sense organs. In the somatotyping procedure, each
of these three primary components is classified on a seven-point scale. An inspectional estimate
of the strength of each component was made from an examination of a photograph of the subject.




Figure 1.5
Benedict Closed=Circuit Spirometer

Figure 1.6
Somatotype Views
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Numerals were assigned to each physique, including one for its position on the scale for each
component. Thus,the physique of an individual classified as a 7-1-1 was extreme in endomorphy
and at a minimum in the other two components., The 4-4-4 is an individual about at the mid-
point of all three scales. The pattern of the three elemental morphological components, as ex-
pressed by the three numerals, represents the individual’s "somatotype.” The photographs were
also scored for dysplasia, a term used to signify "disharmony between different regions of the
same physique." When, for example, a physique is of one somatotype in the region of the head
and neck and of another somatotype in the legs or t.unk the individual is spoken of asdysplastic.
Dysplasia is measured by totaling the differences among the somatotype designations for five
regions of the body.

PSYCHOLOGICAL-PSYCHOMOTOR

Mental Ability

Otis Higher Examination Form D, This was a test of general intelligence containing 75
questions (10),

Mechanical Aptitude

Minnesota Paper Form Board--Revised Series AA, This test involved the perception of
form relations and was supposed to be predictive of mechanical aptitude (11).

Athletic Achievement

Thorndike-Kelley. This test contained 42 questions relating to proficiency in various
athletic events and to manual dexterity and coordination. A sample form is shown in Appendix
A, page A8,

Eye-Hand Coordination Test

This procedure (Figure |.7) was designed to measure motor dexterity and ability to coordi-
nate the eyes and hands. A pointer, controlled by the subject, was to be kept opposite to a
second pointer controlled by an irregular cam. The cumulative amount of deviation made by the
subject while attempting to follow the moving pointer was recorded automatically. There were
four different patterns on the cam which regulated the movements of the pointer. This test was
essentially a motor learning task since improvement was shown in repeated trials (12), Eight
successive trials were given in order to analyze the rapidity and skill with which a subject
showed improvement, a. well as to give a reliable total score.

Two-Hand Coordination Test

This test, constructed on the principle of a lathe, involved the rotation of two handles
which controlled the movement of a disc (Figure 1.8). The handles had ‘o be turned simultan-
eously in different directions in order to keep the two pointers together. One of these discs was
activated in an irregular manner by a cam. The essential psychological principle involved the
competition of simultaneous stimu!i, i.e., attending to two different acts or movements at the
same time (13).
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Figure 1.7
Eye-Hand Coordination Test

Figure 1,8

Two=-Hand Coordination Test
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Mashbum Serial Action Apparatus

This apparatus (Figure 1.9) roughly simulated the stick and rudder movements involved
ir. flying. The subject reacted to a continuous series of red lights o the instrument panel;
responses were made by movements of the set of controls operated by the hands and feet. As
soon as the subject had made a correct response to a set of signals, another pattem of signals
automatically appeared. There were 40 settings (14),

Dotting Test (McDougall)

The purpose of this test was to measure quickness of one type of reaction time and the
facility for quickly and accurately coordinating eye-hand movements. The task involved strik-
ing small holes on a revolving disc with a stylus. The speed of rotation inc.eased as the row of
dots reached the external part of the revolving phonograph plate. The score was based on a
mean of three trials (15).

Continuous Reaction Test (Cattell)

This test measured the speed and accuracy with which a subject could react to directions
printed on a moving strip of paper (16), The subject was instructed to mark with pencil all the
vertical lines on the strip as it moved by the aperture on the apparatus. He was instructed not
to mark certain other lines which appeared at various intervals. The subject had to think and
act simultaneously and with great rapidity. The test was designed to measure close attention,
quick thinking, and accurate manual dexterity. It was scored in terms of the total number of
correct markings on the strip of paper. It was given twice, once while the strip of paper was
moving slowly and again while it was moving rapidly, the second time with different directions,

Ataxiameter (Miles)

This apparatus (Figure 1.10) measured the amount of vertical sway in the axis of the body
while standing at attention with the eyes open or closed, A series of weights and pulleys was
activated by cords attached to the subject's head. A movement in any direction was recorded
by the counters at each corner of the metal framework. The subject was asked to stand assteadily
as possible with heels together and feet tumed outward ot a 45-degree angle. The test was given
first with the subject's eyes open as a practice period. The data were analyzed on the basis of
movement during two readings of one minute each with eyes closed (17).

mChair

Perception of change in position while the subject was seated blindfolded in a chair was tested
(Figure 1.11), The procedure was to have the subject signal the moment he was aware of the
chair being tilted to the right or to the left, forward, or backward, The rate of tilting movements
was controlled by a metronome set at approximately 7.4 beats per second. The mean of eight
tricls established the score.

Vi ON
Aniseikonia

Three tests developed by the Dartmouth Eye Institute were used for evaluation of this
trait: 1) Eikonometer--This apparatus determined the difference in the size and shape of the
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Figure 1.9

M.ashburn Serial Action Apparatus

Figure 1,10

Miles Ataxiameter Apparatus

Figure I, 11

Tilt Chair
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ocular images by projection. The score represented the sum of the size differences in either the
horizontal or vertical meridian and the size limits in the vertical and horizontal meridian; the
measures were coded from 1 to 3. 2) Leaf Room--The subject was asked to judge the shape of a
rectangular room, the surfaces of which were covered with oak lecves providing adequate con-
tours yet weak perspective features, Failure to see the room in its proper perspective was con-
sidered evidence of distortion in space perception. The final score represented the sum of the
"response score" coded 0 to 4 and the "plane lens test score" coded 0 to 2, 3) Frontal Plane
Apparatus--The subject was required to set a series of rods in an apparent frontal plane under
different test conditions, based on the same principle as the Howard-Dolman apporatus. The
following parameters were scored: curvature of curve determined by rods, response to distortion
lenses, scatter of data, response to cycle incongruities, response to various eye lenses, and dis-
placemeni of data from normal .

Photographs of Eye Movements (Ophthalmograph)

Ocular motor anomalies while fixating on a target and the number of fixations while
readings were recorded. The principle of the apparatus was as follows: A beam of light was
focused on the cornea, and the reflection of the light was recorded on the film of a moving
picture camera (Figure 1.12). The subject was asked first to fixuic on a dot, then to focus
alternatively on one dot and then on another at ¢ rate determined by a metronome. Finally, he
was as<ed to read printed lines from the page of a book. The score depended on the number of
fixations per line (18).

Dark Adaptation (Wald)

Wald (19) devised a simple portable apparatus for field use which invoived the determina-
tion of a number of points on the dark adaptation curve dfter the subject had remained in the
dark for thirty minutes. A score based on the mean of four readings was expressed in micro-
millilamberts.

NEUROPHYSIOLOGIC

Electronencephalography

Records were obtained with a Grass apparatus (Figure 1.13) on each cadet in the recum-
bent position with the eyes oper, and again while the eyes were closed. At the end of the test,
each cadet was asked to hyperventilate to the beats of the metronome, A graphic record of the
breathing was recorded with the spirometer. Four EEG measures were analyzed in this investiga-
tion: 1) Alpha Index, the average of the left and right scalp leads representing the number of
centimeter; in a standard length of record; 2) Alpha Frequency which ranges in frequency from
7 to 14 cycles per second; 3) Voltage, the average amplitude of the right and left scalp leads;
and 4) the presence or absence of abnormalities expressed as ratings on a scale from 1, the best,
to 4, the poorest, Care was taken in obtaining these records to make certain that the subjects
did not become drovssy or fall asleep (20,21).
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Electroencephalography (Grass Apparatus)
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Skin Resistance

The galvanic skin response was included in the test battery for 119 cadets becouse of
its possible value in revealing emotional eactions. The usua! procedure in studying this reflex
was used; one electrode was attached to the arm, and one recording electrode to the third
finger of the right hand. The tesis were carried out in the late afternoon when there vere no
distractions in the laboratory, or in the area, such as a large number of aircraft flying overhead.
After a baseline for the galvanic response was determined and a number of readings recorded,
the hand was placed in ice water for 30 seconds. Successive readings were taken during the
recovery period, and the subject's response indicating pcin, or when pain disappeared, was
tabulated. After an interval of time, the subjects were asked questions relative to their
difficulties in flying or other emotionally tinged questions, such as about illnesses or deaths
in the family, about their fiancees, or about questions from the medical history which the
physician obtained during a previous interview. Interest centered on whether the cadets who
had failed their flight training course would have more extreme responses than those who were
successful ,
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Chapter Il: 1951 Study

Principal Investigators: Captain Ashton Graybiel, Lieutenant John M, Packard, ond
Lieutenont John S. Greettinger

INTRODUCTION

At the time of the original study (Chapter 1) no thought was given to the possibility of a
long range follow=-up study but, after a lapse of ten years, it seemed clearly desircble to attempt
it. The effort wos rewarding although considerable difficulties were encountered. Since one of
the objectives of the study was to compare the electrocardiograms over a ten-year period, it was
decided to re-examine as many of the men as possible. Although analysis of the original 1940-
41 data included only 1002 men on whom complete studies were cerried out, a review of the
records indicated that 1056 men hod been examined in the cordiovascul=- laboratory. Therefore
this larger group of 1056 formed the nucleus for the 1951 and succeeding evaluations. Proper
identification of the subjects and finding of up-to-date addresses for each mamber constituted a
prodigious task.

OBJECTIVES

Re~evaluation of the living members of the group who had undergore cardiovascular
examination in 1940 was the aim. A foliow=up study of this large group “f healthy young men
after an interval of ten or more years was potentiaily a source of muck valuable information.
This project was designed to estimate the current physical status of those men with particular
emphasis on the cardiovascular system, the morbidity and mortality rates, and the influence of

aviation on these rates. Findings were analyzed absolutely and in comparison with the data
accumulated in 1940-41,

SUBJECTS

In order to locate the original 1056 subjects the investigators availed themselves of the
following sources of information: Surnames, initials, and flight class number were obtained from
the data sheets used in analyzing electrocardiograms. Complete names and ages were found on
the original class sheets in the files of the Pensacola Navel Air Station. File numbers of most of
the instructors and cadets who had remained in flight training were then located in the appropriate
Naval registers. File numbers could not be obtained locally for those men who had washed-out
or for any of the enlisted men who had been examined during thestudies. Intermational Business
Machine punch cards were then utilized by the Bureau of Naval Personnel to search their files
for the current status of those whose file number and name were known. Thisresulted in an accurate
but incomplete list of those on active duty, those in the Naval Reserve, those who were dead,
and those who had been retired. The addresses of the men on active duty could be tabu-
lated automatically by means of the punch cards as were the dates and causes of death of the
deceased subjects., However, the addresses of the members of the Naval Reserve and of active
and inactive officers and men of the United States Marine Corps had to be copied by hand from
available files in Washington, D, C. The punch cards for all mer whose addresses and file
numbers were available were then sent to the Veterans Administration for use in searching their
files. A number of additional addresses were obtained in this way. The remaining men had to
be sought for laboriously in officer and enlisted files in the Bureau of Naval Personnel, in Head-
quarters, U, S. Marine Corps, the Bureau of Medicine and Surgery, and in the Naval Records
Management Center, Garden City, Long Island. Over a two-year period it was possible té
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obtain the addresses on al! but 29 known survivors »f the original group. Yet, a number of
addresses were not currentiy correct, and it was necessary to contact known friends, alumni
offices , chambers of ccmmerce, city libraries, telephone directories, and families in order to
trace a number of the subjects.

Information concerning the dates ond causes of death of the deceased subjects had been
compiled in files in the Veterans Administration, Headquarters, U. S, Marine Corps, and the
following naval bureaus: Bureau of Naval Personnel, Bureau of Aeranautics, and Bureau of
Medicine and Surgery. In many cases the death certificate was examined; in other cases
surviving relatives and civilian hospital records supplied the necessary information. In only one
case was it impossible to ascertain the date and cause of death.

Of the 1056 men studied in 1940-1941, 220 had died, 7 could not be located, and 829
survivors were located. Of the latter group 703 were examined and an additional 115 returned
questionnaires but were not reevoluated otherwise (Table !1.1).

Table 1, |

Status of Medical Evaluation (1940-51)

Evaluation Status Number
Located 1049
Survivors (829)
Re-examined 703
Questionnaires only 115
No response 11
Died (220}~
Not located 7

* 213 men died in World War 1.
TESTS AND PROCEDURES

As the subjects were located and identified, questionnaires were mailed to them requesting
information as to their past and present military service, aviation activities, civilian occupation,
and general health. The follow-up examinations in almost all cases were conducted by a team
from the Naval School of Aviation Medicine traveling by plane or by converted carry=all to
various locations within the United States. The mobile unit contained portable x-ray equipment,
two electrocardiographs, and the requisite equipment for conducting a physical examination.
Subjects were examined at their residence, place of business, in the truck, or wherever possikle;
subjects located overseas were examined by local medical facilities of the armed forces, and the
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results forwarded to the School of Aviction Medicine. It was not possible to adhere to a formal
schedule or test sequence either by the team from the School of Aviation Medicine or elsewhere
because of the obvious limitations, but ali results were recorded on Navy Standard Form 88,
When completed, the pertinent data from the physical examination, the roentgenogram, and
electrocardiogram were coded on punch cards together with similar measurements obtained during
the original study in 1940,

INTERVIEW=--PERSONAL AND MEDICAL HISTORY

Separate detailed forms were completed on 1) medical history, 2) occupation, and 3)
military and flight status (Appendix B, pages B1-B6). Emphasis in the medical history was placed
on the cardiovascular system and family history., The examining physician assisted the subject
in answering all forms. A communication also asked of the participants that they volunteer to
place a request in their personal effects, that, in the event of their untimely death, the School
of Aviation Medicine be notified and a report of autopsy forwarded if available (Appendix B,

poge B7).
PHYSICAL EXAMINATION

The majority of the subjects were examined by either Doctor Packard or Doctor Graettinger;
here, too, special attention was given the cardiovascular system, The examination included
auscultation ond percussion of heart and lungs, funduscopy, abdominal palpation, and ineasure-
ments of the blood pressure and pulse in the supine and standing positions. A fifth phase diastolic
end point was used for blood pressures. Subjects unavailable to these examiners were examined
for this study by Armed Forces or Veterans Administration medical officers or by private physicians.
If personal contact could not be made, rojstine military or civil aeronautics administration physi=-
cal examinations for 1951 and 1952 were reviewed. Results were recorded on Navy Standard
Form 88 (Appendix B, page BS).

CARDIOVASCULAR TESTS

Electrocardiography

The investigators used Sanborn Cardiettes for all electrocardiograms; photographic trac-
ings were made. Many different makes of electrocardiographs were used by the other examiners,
In all but a few cases the iracings at standard speed included the unipolar and bipolar limb leads
and the usual six unipolar precordial leads. The rate, rhythm, and durations (PR, ¢, Q1) were
measured in standard fashion. Since a change in the relationship of the electrical field of the
hecrt to the recording electrodes alters the amplitude and configuration of electrocardiographic
deflections and since differences in electrocardiographic techniques also cause changes in electro-
cardiographic tracings, lead by lead comparisons of the amplitudes of the deflections were not
made. Estimations of the positions of the mean electrical axes of QRS and T in the frontal plane
were made in the electrocardiograms by the technique of Grant and Estes (22), In addition,
changes in the amplitude or configuration of the deflections which could not be attributed to a
shift in the electrical field of the heart were noted.
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ANTHROPOMETRY
Standard heights and weights were the only measurements taken,
TELEOP.OENTGEN OGRAMS
Standard posterior-anterior 14" x 17" views of the chest were taken, Portable x-ray

units were employed by the team in the field only when "permanent” type units were not
available,
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Chapter 111: 1957 Study

Principal Investigators: Captain Ashton Graybie!, Lieutenant William R. Harlan, Jr., and
Lieutenant Robert K. Osbome

INTRODUCTION

Identification of important physiologic precursors of disec<e and investigation of the
development of many disease states, particularly cardiovascular disease, require a study pro-
jected over many years. A large number of epidemiologic studies (23-26) in progress with these
goals have been initiated in primarily middle age populations; hence, an important phase in
the pathogenesis of the disease has necessarily been neglected, namely,subtle physiologic differ-
ences during young adult life. These early differences and their environmental interrelationships
could not be apprecioted in studies confined to older age groups. In addition, only from long-
term studies of young, healthy individuals can normal standards be developed which would per-
mit diagnosis of asymptomatic, sub-clinical disease. The results of serial examinations of this
group have provided a unique opportunity to review alterations in blood pressure, electrocardio-
grams, and serum lipids in relation to age and other parameters,

Although aviation medicine had been thrust into the space age, many problems remained
in the selection of physical standards for flying personnel and the relationship of flying to the
development of disease. The longitudinal nature of these problems also made them inaccessible
to the usual experimental approach. A prospective study could also clarify the physical and
laboratory parameters of greatest value in selection and maintenance of the best physically
qualified individuals.

OBJECTIVES

Major attention was placed on the following: 1) Diseases which have offected the group,
with cardiovascular disease emphasized. 2) A study of the group still actively flying, both in
service and without, with a comparison to the nonflyers. In particular, were aviaiors predisposed
to certain diseases more than others? 3) A review of the changes that have occurred in the
various measurements taken which seemed to be related to the aging process alone. 4) A search
for clues which would have heralded the onse’ of significant disease, or any false premonitions.
5) Finally, the continued accumulation of data so that a continuing baseline was present for
future reference for these and any other intervening problems.

SUBJECTS

Addresses of the subjects were obtained in a similar fashion as was described for the
1951 evaluation. A retail credit agency located a number of individuals who could not be
found by the other means. Since 1952, 20 subjects had died; of the 816 survivors, 784 were
re~excmined; only three subjects could not be located (Table Ill.1).

For purposes of analysis the majority of the survivors were divided into those continuing
as aviators, 432, and those never qualifying as aviators, 100, or flying less than five years,

264,
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Table I11.}

Status of Medica! Evaluation (1951-57)

Evaluation Status Numbers
Located 836
Sur vivors (816)
Re-examined 785
Questionnaires only 19
No response 12
Died (20)
Not located 3

TESTS AND PROCEDURES

This follow=-up examination was conducted in much the same way as the previous
evaluation in 1951, A team from Pensacola, Doctors Harlan and Osbomne, traveled throughout
the country to examine the subjects usually in available government medical facilities but if
necessary in their homes,

Since examinations were conducted primarily in the "field," it was not always possible
to adhere to a rigid time sequence, yet an attempt was made to record besal blood pressures and
fasting blood specimens as described later,

In scme instances geographical considerations made it necessary for other medical officers
to carry out the examination according to instructions sent them, In addition to the studies of
1951 (medical and personal history, physical examination, chest film, and electrocardiogram) a
"double" Master two=step was obtained on 455 subjects and blood was analyzed for lipids. The
data for each individual subject for this examination as well as the previous ones were grouped,
analyzed, and placed on punch cards for convenience and for a permanent record.

INTERVIEW==PERSONAL AND MEDICAL HISTORY

This included a complete medical and personal history with emphasis on detailed family
history, physical activities, and dietary habits (Appendix C, C1-C4),
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PHYSICAL EXAMINATION

A general physical exemination was conducted with special attention directed to record-
ing blood pressure (fifth phase diastolic was used) and examination of the retinal vascular
pottem. Both examiners made an attempt to standardize blood pressure and retinal evaluations
between thenselves before carrying out any examinations in the field. Blood pressures were
taken sitting and supine during the middle of the physical examination, a period which had been
preceded by ten minutes of resting while the examiner auscultated the heart, examined the
abdomen, et cetera (Appendix C, C3,C4).

CARDIOVASCULAR TESTS

Cold Pressor Teste

This procedure as described by Hines and Brown (27) was repeaied in 27 men who could
be studied under the same conditions as in 1940, The resul!s were evaluated using each of the
two criteria suggested by Hines and co-workers (28). The "old" criterion divided normals into
hyperreactors who had a maximum increment greater than 20/15 mm Hg and hyporeactors who had
a lesser response. The "new" criterion separated these two groups on the basis of an increase of
diastolic pressure more than 15mm Hg and  a maximal diastolic blood pressure exceeding 90
mm Hg.

Electrocardiography

Resting 12-lead electrocardiograms were recorded on a Sanborn twin-beam electrocardio-
graph so that photographic tracings could be obtained. A "back-up" Sanborn machine with in-
direct writer was utilized if necessary. The electrocardiograms were modified by the equated
lead selector (29) so that the unipolar leads were augmented, one mv equals 11.5 mm; and the
polarity of AVR was reversed, complex typically upright. In 455 subjects a "double" Master two-
step test was performed. (This refers to double the number of #rips in double the period accord-
ing to Master's table. The pace remains the same,) Besides the clinical interpretation of the
routine and exercise tracings, a number of measurements were made (30): rate, PR interval,

QRS and QT duration, mean frontal QRS and T vectors, initial and terminal 0,04 second QRS
vectors, and the maximal rate achieved ofter the double Master two-step test. Records from
previous examinations were alse scored for these parameters if not previously available.

Ballistocardiograms

These were taken on an uitro-low frequency swing bed (31) on a limited number of
individuals who were examined in Pensacola.

LABORATORY DETERMINATIONS

Whenever possible, blood was drawn either fasting or four hours ofter a light mea!. Bloed
was analyzed for cholesterol by the method described by Abel et al. (32). Serum lipoproteins
were determined by ultracentrifugation at the Institute of Medical Physics (33). Because of
finencial limitations at various times, lipids were not obtained on all subjects.  (Appendix C,

C-5,C-6) .
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ANTHROPOMETRY

Heights and weights were taken with available apparatus at the various examining
stations. The circumference of the left orm was also measured to the nearest millimeter,

TELEOROENTGENOGRAMS

As in the previous evaluation 14" x 17" films were obtained both in the posterior-
anterior and lateral views.
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Chapter 1V: 1963 Study 2

Principal Investigators: Captains Ashton Graybiel ond Robert E. Mitchell, aond Lieutenant ]
Commander Albert Oberman

INTRODUCTION g

The 1963 evaluation was designed to be tl * most comprehensive survey of the partici-
pants to date, These men had now reached on age when detection of latent disease was an ex-
tremely important consideration. With the interest and support generated by the previous evalua=
tions it was possible to perform thorough examinations at the Naval School of Aviation Medicine,
in contrast to the previous follow-up examinations which by nacessity were conducted by a team
of Navy physicians who traveled about the country in a mobile laboratory unit. The ability to
bring the subjects to Pensacola enabled the investigators to carry out the more desirable detailed
physiological appraisal not possible in the previous two examinations. The men were provided
commercial air transportation fo Pensacola for two days of extensive testing in which every
significant physiological measurement included in the earlier examinations was repeated. in
addition, certain tests either not always possible in the field or not previously available were
carried out,

Also due to increasing interest in the program at this time the Thousand Aviator Study
gained the support and assistance of the Heart Disease Control Program of the U, S. Public
Health Service in the form of financial aid, equipment, ard personnel. Plans were formulated
to continue this study indefinitely at intervals of three to five years.

Preliminary questionnaires (Appendix D, pages D1-D5) were sent to 815 participants
during the latter part of 1962, requesting information conceming their recert health, occupation,
flying and military status. Actual testing began in January of 1963 and continued until the
Spring of 1965. An attempt was made to standardize all procedures insofar as possible (34),
When possible, all forms were prepared for ultimate computer analysis.

OBJECTIVES
Objectives of the study can be classified as 1) medically oriented and 2) flight oriented.
Three questions needed to be answered: What happens to a group of healthy young men as a

result of aging? What tests have prognostic value? What is the effect of flying on man ?

Medically Oriented

1. Obtain normative and baseline data on healthy young men.,

2, Follow changes in baseline measurements as a function of age.

3. Correlate 1 and 2 with the appearance of cardiovascular abnormalities,
4, Define, retrospectively, precursors of cardiovascular disease,

5. Point cut preventive and therapeutic measures.,

Flight Oriented

1. Contribution toward delineation of the optima! cardiovascular assessment of the
flyer in terms of
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a, Career
1) Initial selection: Emphasis on physiological, metabolic, and psychological
"indicators" of later appearance of disease and disorder,
2) Periodic examination
(0) Routine: Emphasis on diagnosis of underlying disease and short-range
prediction of susceptibility to an acute cardiovascular incident,
(b) Comprehensive: Supplement to routine exomination at critical ages
or important stages of careers,
b. Mission (assessment in terms of professional responsibiiities)
1) Stress tests,
2) Prediction (likelihood) of an acute cardiovascular incident over the period
of the mission,
2, Implications for preventicn of acute incidents or chronic disease.
3. Evaluation of effects cf flight stress by comparison with nonflying professional groups.

SUBJECTS

An extensive search was made to locate all survivors utilizing the previous schemes for
iocating subjects, including the retail credit agency. Information alsc was obtained from the
Navy Finance Center, Cleveland, Ohio, and through an article in Navy Times. A consider-
able number of individuals were personally contacted by telephone through government lines.
A review of the records showed that four subjects had died since 1958; of 815 survivors, 675
were re-examined; 769 members retumed questionnaires (5 of whom have since died) and 4
could not be located (Table IV.I). With rare exception each examinee underwent the entire

test battery.

Table IV, |

Status of Medical Evaluation (1957-65)

Evaluation Status Number
Located 811
Survivors (794)
Re-examined 675
Questionnaires only 89
No response K Y
Died a7*
Not Located 4

*5 members died after retuming the questionnaires and had not been exainined.
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TESTS AND PROCEDURES

The experimental routine varied according to the patient load and availability of equip~
ment, bui the following general routine would apply (Table IV.il): On the moming of the first
day, initial blood pressures and a fasting electrocardiogram were taken, Shortly ofter this the
fasting subjects provided blood and urine specimens. The remainder of the moming was occupied
with roentgenograms, vectorcardiogram,orthogonal lead electrocardiograms, double Master's fest,
and the ballistocardiograms. A second blood sample was obtained two hours following the
initial one and after administration of 100 grams of glucose. Immediately ofter lunch the
audiograms and electroencephalograms were obtained. Following these procedures, the modified
Harvard step~test (three minutes at 20 steps per minute) and the anthropometric examination were
completed. Magnetic tape recordings of the electrocardiogram and pulmonary function followed
by the physical examination and the second blood pressures completed the first day. On the
morning of the second day the routine pulmonary function tests (conventional and wedge spiro~-
meter) were accomplished, The second Harvard step-test (4 minutes at 20 steps per minute) and
tonometry were also carried out during this moming. Retinal photographs were taken and question=-
naires completed during breaks in the schedule, and questionnaires not reviewed during the physi-
cal examination were reviewed at this time with the participant. The Graybiel=Fregly ataxia
test and plethysmograms of the peripheral pulses as well as any prior omissions or repetitions of
the test procedures concluded the examination, Unless an unusual patient load was present in
the cardiac clinic the entire examination was completed by late in the moming or early in the
afternoon of the second day.

Table IV, I

Testing Schedule

First Day

0300 Recumbent BP lying, sitting (right arm), two=-man method
0830 Electrocardiogram (Basal)
Venous blood ~ PBI
Lipoproteins
Cholestero!
Triglycerides
Uric acid
Glucose Tolerance Test
Hematocrit
W.B.C,, differential
Urinalysis
Ingestion of 100 grams of glucose
X-rays, chest (cardiac series)
0930 Vectorcardiogram
Electrocardiogram (Orthogonal lead system )
1030 Double Master's test
Ballistocardiograms
Two=hour blood sample (Glucose and Triglycerides)
Urine
1200 Lunch
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1300 Audiogram
Electroencephalogram
Harvard step-test (3' at 20 steps per min.)
Anthropometrics
Magnetic tape recording of ECG and pulmonary function
Physical examination
"Casual" BP, one man, recumbent and sitting (right arm)

History
Second Day
0730 Pulmonary function tests (conventional & wedge spirometer)
Harvord step-test (4' at 26 steps per min.)
Tonometry

Retinal photographs

Graybiel=Fregly ataxia test

Plethysmograms

Complete questionnaires--review with physician.

INTERVIEW=--PERSONAL AND MEDICAL HISTORY

Each participant completed a medical history form containg 225 questions (Appendix D,
pages D6-D18). This provided a detailed review of systems and past history with special attention
to respiratory and cardiovascular symptoms. The examining physician scored a review-of =systems
summary sheet ofter discussing the replies with the subject (Appendix D, page D19). A family
history of cardiovascular disease, diabetes, and cancer in parents, siblings, and children was
also included (Appendix D, page D20). A pulmonary questionnaire* (Appendix D, pages D21-
D27) included details of cardiopulmonary disease and exposure to pulmonary irritants. |t was
also used in another study apart from the Thousand Aviators, necessitating some repetition of
questions. The personal history (Appendix D, pages D28-D33) covered such diverse topics as
smokirig; physical activity, both on and off the job; hours of sleep; diet; socioeconomic status
(35); ethnic origin; and geographical residences. A separate questionnaire regarding flight
status and previous flying experience was also available (Appendix D, pages D34-D38).

PHYSICAL EXAMINATION

A complete physical examination was performed and recorded on a standard form
(Appendix D, pages D39-D42). Any questionable noncardiac findings on the physical examina-~
tion were referred to the appropriate consultant at the Naval Hospital in Pensacola. I addition
to routine "casual" supine and sitting blood pressures taken during the course of the physical
examination,a "basal" blood pressure was taken in the foilowing manner:

*Available only on those subjects who had pulmonary curves recorded on magnetic tape.
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Immediately ofter arrival at the laboratory the subject rested
in a quiet room. Shortly thereafter the supine blood pressure
was taken on the right arm with a Bauman sphygmomanometer
from which the back had been cut out so that the column of
mercury was visible from front ond back. The exaominer
auscultated (fourth phase diastolic) viewing the mercury
column from the unmarked side (Figure 1V.1); at the appro-
priate time he signaled to onother observer who recorded the
reading. Three trials were used for the supine; then the pro-
cedure was repeated for the sitting blood pressures.

All clinical diagnoses on each subject were coded according to the World Health
Organization's classification of diseases (36). It might also be mentioned that a complete sum-
mary of the findings on each participant was sent to him complete with recommendations, if any
(Appendix D, pages D43,D44).

Special criteria (Appendix D, poges D4 5-D47) were set up for establishing the diagnosis
of coronary heart disease for present, past, and future evaluations. These standards, agreed on
by two observers, graded the diognosis as indeterminate, possible, probable, and definite.

CARDIOVASCULAR TESTS

Electrocardiography

A basal 12-lead electrocardiogram modified by the equated lead selector (29) was taken
at standard speed and deflection on a Sanborn 100 Viso Cardiette. Standardized measurements
(30) of the amplitudes of P,Q,R,S, and T; of the durations of PR, QRS, and QT; and of the mean
frontal QRS and T axis were made in selected leads. Also, values for the peak-to-peak QRS
voltage and duration from the onset of the Q to the peak of the T wave were determined in the
frontal plane. All resting tracings were also classified according to Blackburn's system (37) for
population studies. The scheme was modified to include a lesser classification for T waves < 1.0
mm uprignt. A conventional 12-lead electrocardiogram at standard speed and amplitude was
also recorded on a magnetic tape apparatus, Sanborn 211 (Figure IV, 2). These tapes were then
analyzed by the Instrumentation Unit of the Heart Disease Control Program by conversion te a
digital form suitable for their established electrocardiographic programs (38,39). Table IV. 111
represents a computer interpretation of a Thousand Aviator electrocardicgram. Machine results
were under constant supervision by the Instrumentation Unit.

Exercise electrocardiograms were taken at opportune times during the testing schedule.
Each participant underwent graduated battery in the following sequence: double Master's, a
Harvard step-test at 20 stepr - minute for three minutes, and at 20 steps per minute for four
minutes (Figure IV.3). Ind.. Jals with physical disabilities, recent coronary symptoms, or
with acute electrocardiographic changes were excused from the complete sequence though some
of these men did participate in the less rigorous exercise tests. Leads I, 11, 11l, AVF, V2, V4,
V5, and V6 were recorded simultaneously in two groups on a four-channe! Sanborn 964 at standard
speed ond deflection. A timed sequence of tracings consisted of baseline, immediately ofter
exercise, 1 minute, 2 minutes, 3 minutes, and 5 minutes ofter exercise. A number of parameters
were measured in leads 11, AVF, V4, V5, and V6: amplitudes-P,Q,R,S,T, and J point; dura-
tions--PR, QRS ,QT, and QX. Special attention was given to the ST segment which is character-
ized as depicted in Figure V.4, The procedure for locating the reference pointson the STsegment
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Figure IV.2
Sanborn 217 Magnetic Tape Recorder




Figure IV, 3
Modified Harvard Step-Test
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PROCESSING DATE 0S-1t-64

o G

Table IV, llI*
INSTRUMENTATION FIELD STATION --- HEART DISIASE CONTRGOL PROGRAM

COMPUTER PROCESSED ELECTROCAROCIUGRANM

Ol o Pt o ot Bt e ot o ot . Bt B et ot Bt Pt B Pt Bd By Pt ot B B B8

PENSACOLA» FLORIDA

ECG NUMBER 0X83

11 111 AVR AVL AVF i V2 V3 vy Vs ve
«l3 13 -«07 loﬁm’ o3 + 04 «0S QQN «06 « 04 «05S PA
o0 ol <10 <08 o i «0S «07 o2 oI «08 «l10 PC
-.08 -.06 «00 «00 -.03 «00 +00 -.02 « 00 «00 ~e02 QA
«02 «03 «00 «00 «02 «00 «00 «04 «0C «00 «02 QD
« 74 «60 «03 «06 «74 «l10 «32 «36 «95 113 t1.0S RA
«0S «07 «01l «0U «07 «0 «03 «0S «0C «05 «0S RD
-3 «00 -«50 =26 «00 -e52 -.68 -el45S o3l -e20 ~e 13 SA
«0S «00 «0S «07 «00 «04 «08 «06 « 0% « 04 «04 SD
«00 «00 ol «00 «00 «06 «00 « 00 «0C «00 «00 R*A
«00 «00 « 06 «00 «00 « 04 «00 «00 «0C «00 «00 R*'D
ol o2 ol2 ol2 ol2 ol2 ol2 12 .06 «07 10 ST
-.03 -e02 -e02 «0f -e02 «02 «09 «10 « Q€ -e«01I «02 sT0
«0l «0l -.06 « 04 «0S «02 022 «25 )2 «0S «07 STH
«08 «0S ~e 16 «04 ol «03 <46 «53 M R:2 ol «1S mﬁm
29 el3 -e28 «09@ «26 «00® omﬂ 77 « 77 «S6 42 TA
«20 «00 «2€ «23 o118 T0
o2 el3 o8 ol2 o3 «13 o113 il LIS «12 12 PR
ol2 10 ol 2 ol 09 «09 o 15 oiC «09 ol QRS
o483 ol «37 «36 40 «00 42 sU4n U2 40 «40 QT
«96 «94 «97 «92 96 «96 «95S 92 1.03 «94 (.04 RR
62 63 61 64 62 62 62 65 Se 63 S7 RATE
C c c
195 §9s 195 195 195 155 195 195 195 195 195 CAL
P QRS T Q S Ss70 ST¥~T QRS-T ANGLE IN
90 $6 ~70 79 194 31 DEGREES

PA .00
PD .00
0A .00
Qo .00
RA 021
RD <04
m) ‘0—@
SO «0S
RYA «00
R*D «00
ST 12
WHQ IQOU
STM «02
STE .08
TA 22
TO

PR .00
QRS <09
oT .38
RR 92
RATE 65
CODE

CAL 195
AXIS IN
DEGREES *

B0 0 0 O O et Bt P Bos Pod 0 N Bt o Bt D Bot ot o 0t P 0t o) o) o o) o o 4 5 - = 3 it Bt Bt B B o Pt Bt Bt B Bt Bt B B> B B B B Bt Bt B> Bt B Bp o) Bd o) Bt Bt B B Bop B0

*The left=hand column represents PA, ompiitude of P wave; PD, duration of P wave; QA, Q:v_.?.uo of Q wave,

ot cetera.  The remaining notations are self explanatory,

Interpretation Date 05-11-54

Right Bundle Branch Block
Brodycardia present; Check mechanism
Vertical QRS AXIS
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Figure IV, 4
Characterization of the ST Segment
A baseline was drawn from the PR segment immediately preceding the Q wave to the analogous
point on the RS complex following the ST segment to be measured. The J point and X point
were defined; then a third point, the Z point, was established by the intersection of two straight
lines, a straight line coincident with<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>